This study compares the cost-effectiveness of various health inputs and government programs in reducing race-specific neonatal mortality or death in the first twenty-seven days of life. Approximately two-thirds of all infant deaths occur within this time period. The programs and inputs at issue are teenage family planning use, the supplemental food program for women, infants and children (WIC), use of community health centers and maternal and infant care projects, abortion, prenatal care, and neonatal intensive care. Using an economic model of the family as the analytical framework, effectiveness is determined by using ordinary least squares and two-stage least squares to estimate infant health production functions across large counties in the U.S. in 1977. Estimates of costs are from a number of published sources. We find the early initiation of prenatal care to be the most cost-effective means of reducing the neonatal mortality rate for black and whites. Moreover, blacks benefit more per dollar of input use than whites. Neonatal intensive care, although the most effective means of reducing neonatal mortality rates, is one of the least costeffective strategies.
Our paper is unique because we examine a range of programs in one analytic framework and cover almost the entire U.S. population empirically.
Other excellent cost-effectiveness studies examine only one medical input.6'7'8 A drawback of such a broad scope is the use of aggregate data and the potential for ecological fallacy, a form of specification error arising from omitted variables related to the grouping process. To minimize the potential bias we use only large counties and we examine black and whites separately. Moreover, we directly test for misspecification in our aggregate model; when present, we employ a two-stage-least-squares estimation procedure to reduce the bias.
II. Effectiveness
In this section, we describe the basis for our calculations of the effects of health policies and programs on improved birth outcomes. The calculations are derived from previous results by the authors.3'4'5 For a fuller description of the analytic framework, specifications, variables and results, the reader should refer to those papers. Our analysis is based on a widely used economic model of the family9'10'3'4'5 which results in the following equations to be estimated using a multiple regression analysis: d = f1(n,m,a,f,c,w,b,e) (1) b = f2(m,a,f,c,w,s,r,g,e) (2) g = f3(m,a,f.c,w,s,r,e) (11) us to estimate the total effect (both direct and the health inputs. The estimation of equations (1) of the estimates of the effectiveness of each of the ing neonatal mortality. aAfl asterisk (*) next to a variable means that it is race-specific. All variables are county-specific unless otherwise indicated.
bVibl is available for whites and nonwhites as opposed to whites and blacks.
CSince numerator of this variable is not race-specific, denominator also is not race-specific. +These variables were interacted with race-specific fraction of women 15-44 with family income less than 200 percent of the poverty level in 1980 = .266, b = .549). Given means denote interacted variable.
This variable was interacted with the low birthweight variable. Again, given means are for interacted variable.
-8high-risk age groups are expected to have positive coefficients.
We used teenage family planning use for several reasons. First, only for teens was this variable available on a race-specific basis.
Second, research indicates that family planning services by teenagers may have larger impacts on neonatal mortality than use of these services by older women.5'11 Our smoking variable refers to both sexes because ageand sex-specific aggregate data were not available.
To reflect the fact that government health inputs are designed to be used by poor women, we defined our variables in a special manner. First, the denominators of family planning, BCHS Project use and WIC are poor women, since this is the appropriate pool of potential users. Second, since the government programs will be more effective the greater the incidence of poverty in a county, we "interacted" each of the three variables with the percent poor women. For similar reasons, NICIJ use is divided by low birthweight births and "interacted" with percent of births which are less than 2500 grams. Fortunately, this does not result in high correlations among the government program variables --the highest simple r is .30 between family planning and BCHS Project use for whites. Also, even though NICU use is interacted with low birthweight, and low birthweight is a separate variable, the simple r between the two variables is only .10 for whites and .05 for blacks. It should be noted that in regressions using other specifications of the variables than those presented, the ranking of the input effectiveness is stable.
The production functions were estimated by least squares (OLS) and twostage least squares (TSLS). We use TSLS to correct for the potential down--9 ward biases of OLS.1° In particular, mothers with poor endowed reproductive capability may attempt to lower the likelihood of an unfavorable birth outcome by utilizing more health inputs. Thus, the use of the inputs not only affects the outcome, but the anticipated outcome may also affect utilization. Because of this reverse causality, TSLS is used to obtain unbiased and consistent estimates.
We test for the significance of the correlation between the error term and the health inputs, using Wu's statistical test.12 If the null hypothesis of zero correlation is not rejected, then OLS is an appropriate tech- Regression results are presented in Table 2 . There are two specifications for each race; each specification is estimated by OLS and TSLS. The dS..f 1t at the 5 percent level. eNO significant at the 5 percent level. We chose a cost-effectiveness approach as opposed to a cost/benefit analysis because the estimation and information requirements of the latter were beyond the scope of our study. For instance, estimating the benefits of averting a neonatal death or low-birth weight birth are fraught with problems. The former necessitates that we estimate the value of a life.
Even with low birth weight, estimates of the costs for long-term morbidity vary a great deal. 7 We felt that the advantage of our work lay with its multivariate comparison of various programs. Since reductions in the neonatal mortality rate and the percentage of low-birth weight births are stated policy objectives'4, the relative effectiveness of each program as it pertains to these clear-cut goals should be very useful.
Tables 3 and 4 present high and low cost-effectiveness estimates for
white and black neonatal deaths and low birth weight births respectively.
The cost-effectiveness figures for each program vary depending on whether the impact coefficients were estimated by OLS or TSLS. Although we provide a conceptual as well as statistical justification for the use of TSLS, the latter estimates have larger standard errors and are more sensitive to 
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Notes to Table 4 a An asterisk (*) next to a variable means that it is race-specific b The high estimate is obtained by dividing column (3) by column (2); for the low estimate column (3) is divided by column (1) . Due to rounding the estimates of cost-effectiveness may differ slightly than if calculated directly from the table. Table 4 a An asterisk (*) next to a variable means that it is race-specific b The high estimate is obtained by dividing column (3) by column (2); for the low estimate column (3) is divided by column (1) . Due to rounding the estimates of cost-effectiveness may differ slightly than if calculated directly from the table. The number of neonatal deaths averted per 1,000 additional program participants ( Table 3 , Column 1) is derived from the regression results presented in Table 2 . Except neonatal intensive care, the low estimates are from the coefficients estimated by OLS in equations Al and Bi, the specification excluding low birth weight. The high estimates are based on the coefficients generated by TSLS except in the case of family planning and BCHS project use. Contrary to expectations, these latter two inputs had their greatest impact on neonatal mortality in specifications that included low birth weight. That is, the direct effect exceeded the total effect.
The number of additional low birth weight births prevented per 1,000 additional users (Table 4 , Columns 1 and 2) represents the indirect effect of a program on neonatal mortality. These estimates are obtained by subtracting the direct effect of an input on neonatal mortality from its total effect and dividing by the coefficient for low birth weight. In other words, separate regressions with the percentage of low-birth weight births as the dependent variable were not fitted to arrive at these estimates. Results in which a subset of these inputs were regressed on the percentage of low-birth weights and preterm births can be found in Joyce.5
IV. Results
Among the six inputs examined in Table 3 , initiation of prenatal care in the first trimester is the most cost-effective way to prevent white neonatal deaths. With respect to blacks, prenatal care ranks second to WIC when the lower-bound estimate is used and first when using less conservative estimates. With few exceptions, WIC is the second most cost--18 effective program, regardless of race, followed by abortion, family planning, BCHS project use, and neonatal intensive care.
The same pattern of cost-effectiveness exists with respect to low birth weight (Table 4 ). Prenatal care is the most cost-effective input for whites and blacks based on upper bound estimates, but it is eclipsed by WIC when more conservative estimates are used in the case of blacks. Results for teenage family planning use and BCHS project use are set to zero since these programs are found to have an (unexpected) positive indirect effect on low birth weight.
With but one exception, all the programs are more cost-effective for blacks than whites. This is an important finding given the racial differences in adverse birth outcomes. It is also worth noting that the measure of effectiveness employed in this study is rather narrow. The benefits to women and adolescents from avoiding an unwanted birth or pregnancy can be substantial, as discussed by Burt.'9 In other words, the costs of unhealthy babies go well beyond the first month of life.
Although we did not attempt a cost-benefits analysis, the Institute of It should also be noted that -in making this comparison, neonatal intensive care is three times more effective than prenatal care in averting neonatal deaths (Columns 1 and 2). The difference in cost-effectiveness, therefore, resides with the dramatic discrepancy -in cost. If the cost estimates are accepted as reasonable, then attempts to explain the difference must look more closely at these measures of program use.
For example, neonatal intensive care is a relatively specific measure of medical intervention. Moreover, it represents but one aspect of "high-tech" perinatal care. Thus, the inclusion of other measures of highquality perinatal care might lessen the impact of prenatal care relative to neonatal intensive care if the former is more highly correlated to these other perinatal inputs than the latter. Put differently, women who receive early prenatal care are more likely to receive higher quality perinatal care than those who start prenatal care later in their pregnancies.
Along similar lines, the percentage of women who initiate prenatal care in the first trimester may proxy a cohort of pregnant women for whom early prenatal care is but one aspect of healthy behavior. These women may eat more nutritiously, suffer less stress, and be less likely to smoke, use alcohol, or take drugs. Except for smoking, we are unable to control for -20these other factors. It should also be noted that our measure of smoking is neither race-nor sex-specific. Hence, if these other behaviors are more responsible for the association between early care and healthy birth outcomes, then a program to initiate first-trimester prenatal care among "high-risk" women may have less impact than reported here.
Finally, this study uses aggregate data and as a result has to rely on broad measures of program use. There is also a degree of overlap between some of the programs.9 Moreover, this study is intended to complement the findings from micro studies with more refined measures of medical interven- results unless steps are taken to insure that the targeted population makes use of these resources. Such efforts could alter the second assumption.
That is, contacting high-risk women may require more creative, but more costly, means of outreach than the estimated costs employed in this study. #A major source of bias in ecological studies arises when individuals are grouped by a risk factor that is excluded from the analysis.13 It is probably safe to assume that poor women from central-city, urban counties are more likely to experience less favorable birth outcomes than their suburban counterparts due in part to a host of unobservables ranging from stress and pollution to weaker reproductive capability. We have referred to these unobserved factors as the women's health endowment. The TSLS procedure is an attempt to lessen the bias generated by these county-specific characteristics by regressing the utilization of each input on a set of socioeconomic variables and availability measures and using the predicted values in the structural equations. TSLS may not be necessary in the specifications that include low birth weight since it is the most important risk factor associated with neonatal survival.
##According to the Wu test, we do not reject the null hypothesis of zero correlation between the error term and health inputs for both blacks and -25 -
